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TECHNICAL NOTE
Kinetics of crystal growth in urine
SUSHMA S. GAUR and GEORGE H. NANCOLLAS
Chemistry Department, State University of New York at Buffalo, Buffalo, New York
The results of both clinical and nonclinical studies suggest
that the likelihood of renal stone formation can be related much
more readily to the free ionic concentrations than to the total
stoichiometric values. However, chemical methods of estimat-
ing the unbound calcium ion in urine involves lengthy tech-
niques and may not distinguish properly between complexed
and free fractions. It has therefore been necessary to estimate
the ionized calcium concentration from the measured
stoichiometric total concentration by correcting for the more
important ion pairs and complexes. Speciatiori computational
programs have been developed by Robertson, Peacock, and
Nordin [1], Robertson 12], and by Finlayson and Miller [3]
taking into account 25 to 30 ion pairs to be able to calculate
supersaturation levels in urine specimens, in terms of free ion
species. However, these computations are able to consider only
the ion interactions for which stability constant data are avail-
able. With the development of a calcium ion selective electrode,
it became possible to measure free ion concentrations directly.
Unfortunately, however, other urinary components tend to
poison the electrode membrane, destroying the calcium activity
Nernstian response of the electrode. For these reasons, most
mineralization inhibition studies have been made using solu-
tions of high dilution with respect to the urine samples. Finlay-
son [4] has drawn attention to one of the major problems in
evaluating urinary inhibitory potentials from the results of such
experiments. Thus, the typically used 100-fold dilution [5] may
obscure the inhibitory effects of low molecular weight compo-
nents such as citrate and pyrophosphate because of the ex-
pected differences in adsorption isotherms. Since the inhibitory
effects are usually interpreted in terms of the concentration of
urine required to reduce the rate of crystallization of calcium
oxalate monohydrate by a factor of two [6], the results are
comparable only if the same adsorption isotherm is applicable
for the different urinary components. To model the conditions
in vivo, it was clearly necessary to be able to measure the rates
of mineralization of typical urinary stone components at con-
centrations closer to 100%. The purpose of this study was to
develop a method for measuring free calcium concentrations in
urine and urine-like systems using a calcium ion selective
electrode incorporating a protective membrane [7, 8] to be able
to investigate mineralization reactions in the presence of high
urine concentrations.
Methods. Radiometer Model 2112 specific ion selective elec-
trodes were modified for use in concentrated urine solutions by
machining a small rectangular groove on the body of the
electrode about 0.5 cm from the ion-exchange membrane. A
small piece of dialysis membrane (3500 molecular weight cutoff)
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was soaked in water for a few minutes and, with a drop of water
on its surface, was applied to the calcium ion exchange mem-
brane. It was fixed in place with an 0-ring which fitted into the
groove. Care was taken to avoid wrinkles in the membrane and
to fit it tightly over the calcium sensitive membrane to avoid
lengthy response times. The dialysis membrane could be
changed when the electrode either increased its response time
or decreased in sensitivity. Using this technique, we have been
able to study whole urine solutions for more than 3 months
without deterioration of the electrode. Electromotive force
(emf) measurements were made relative to a thermal electro-
lytic silver/silver chloride reference electrode which incorpo-
rated an intermediate liquid junction to eliminate errors due to
changes in liquid junction potential.
Crystallization experiments were made using the constant
composition (CC) method developed in our laboratory [9].
Calcium chloride and potassium oxalate solutions were pre-
pared using triply distilled deionized water which was filtered
before use (0.22-.rm millipore filters were prewashed to remove
wetting agents). An ionic strength of 0.15 mole liter was
maintained in all experiments by the addition of sodium chlo-
ride solutions and the calcium oxalate monohydrate (COM)
seed crystals (specific surface area was found to be 1.42 m2 g'
by the BET method) were prepared using the CC method.
Characterization of the monohydrate (100%) was made by x-ray
powder diffraction (Phillips XRG 3000 diffractometer). Miner-
alization experiments were made in a magnetically stirred
double-walled Pyrex glass vessel maintained at 37 0.1°C with
presaturated nitrogen gas bubbling continuously through the
solutions during the experiments to exclude carbon dioxide.
The pH of the reactant solutions, monitored with a pH elec-
trode, was constant (6.7 0.2) during the experiments.
Results and Discussion. Following the preparation of the
supersaturated solutions containing urine, crystallization was
initiated by the addition of COM seed (55 mg/dl solution) and
the calcium ion activity was maintained constant by the auto-
mated simultaneous addition of titrant solutions containing
calcium chloride and potassium oxalate at tn ionic strength of
0.15 mole liter (sodium chloride) using a Metrohm Herisau
pH-stat (Model 3D combititrator). During the crystallization
experiments, aliquots of reaction mixture were periodically
removed and filtered (0.22-.rm Millipore filter) and analyzed for
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Fig. 1. Crystallization of COM in the absence of urine, monitored by a
normal calcium electrode (0) and a modified protected electrode (•).
Crystallization in the presence of 50% urine is represented by A.
calcium by atomic absorption (Perkin-Elmer Model 503) to
verify the constancy of the concentrations (± 1 .0%). The solid
phases were also analyzed by x-ray diffraction and by scanning
electron microscopy (1SI Model II). Urine samples, collected
from a subject having no previous history of stone disease. was
centrifuged (3500 rpm for 20 mm) before use. This initial
treatment has been shown to have no influence on the mineral-
izing inhibiting ability of the fresh urine [10]. Urine specimens
were refrigerated in small polyethylene containers in an ab-
sence of air as described previously [101, and no precipitate was
observed in the samples during this treatment.
Calibration of the protected calcium electrode in standard
calcium chloride solutions at an ionic strength of 0.15
mole liter confirmed the satisfactory Nernstian response
[28.0 0.2 mV (pCaY}. The only observable influence of the
protecting dialysis membrane was to slightly raise the
response/equilibration time from about 40 sec to I to 2 mm. In
the CC mineralization experiments, however, the electrode has
only to stat the calcium ion activity and the reduced response
had no observable influence on the measured rate of mineraliza-
tion. The typical plot of calcium oxalate monohydrate pre-
cipitated as a function of time, shown in Figure I. confirms the
usefulness of the potentiostatic CC technique for studying
crystal growth with the guarded electrode. It is interesting to
note that the concentration of free calcium ions in urine samples
was about 50% of the total calcium concentration as measured
by atomic absorption spectrophotometry. This degree of cal-
cium binding is close to that predicted by speciation programs
[1—3]. The influence of centrifuged urine on the crystallization
rate of COM is illustrated in Figure 1. It can be seen that a urine
dilution ratio of 50% by volume reduced the rate of crystalliza-
tion by almost 92% when compared to the urine free, standard
crystallization experiment (Fig. 1).
The ability to measure free calcium ion activity in urine offers
exciting new possibilities for studying mineralization reactions
in this medium. Already, preliminary experiments in whole
urine in our laboratory have revealed the formation of calcium
oxalate dihydrate together with the monohydrate in proportions
(approximately 50%) typically found in vivo. Moreover, the
participation of calcium phosphate phases even when the solu-
tions are seeded with calcium oxalate monohydrate has been
revealed in systems containing 70 to 90% urine. We are cur-
rently expanding our CC technique to quantify the mineraliza-
tion of renal stone material under conditions in which both
calcium oxalate and mixed calcium oxalate/phosphate phases
are formed.
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